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Abstract
Net transformations are used as powerful techniques for manipulation of Petri
net based models. They allow arbitrary modication of a given net, including the
change of given net class. This paper presents a summary of results in the area
of net transformations as developed at the Technical University Berlin. There are
several new results discussed in this paper and demonstrated by simple examples.
1 Aims and Introduction
The main aim of this contribution is to give an overview about new devel-
opments in the area of Petri net transformations recently elaborated at the
Technical University Berlin. The extension of old results by a rich variety of
new results is reported in this paper.
The establishing of the Petri net research group in mid nineties started





The application-oriented presentation of Petri nets has been developed within
the DFG Research project Petri Net Technology. The denition of dierent
Petri net techniques has been one of the main research topics (see papers in
proceedings [24] and [25]). This concept focuses on Petri nets as a speci-
cation technique, hence, it means more than a mere Petri net based model.
It comprises e.g. structuring and renement of nets, tool support, exchange
formats, process model, and exemplary methodology, so that adequate and
scalable use of nets is provided for specic application domains.
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The motivation for development of Petri net techniques has been the need
for generalizing various notions of Petri nets. Many concepts related to Petri
nets are given for specic net classes only, e.g. place/transitions (P/T) nets,
elementary nets, algebraic high-level (AHL) nets , etc. Nevertheless, they are
often in principle independent of the net class. So, focus was made on generic
description methods.
First, a formal systematization of Petri net classes was achieved by the
concept of parameterized net classes (see [12]). The parameterized net classes
have been developed for both low-level and high-level Petri nets. Low-level
nets (e.g. P/T nets) do not contain the data type part. They do not deal
with algebraic specications and tokens are usually indistinguishable. High-
level nets (e.g. AHL nets) contain the data type part allowing a rich variety
of modeling possibilities.
Parameterized net classes give an abstract notion of Petri net classes. The
concrete class is given as an instantiation of parameters of the abstract net
class (low- or high-level). The compatibility of parameterized net classes with
structuring, renement, etc. has been proven on the abstract level. Thus,
transferring these results to concrete net classes can be done easily.
Net transformations were found to be very important for manipulation
with Petri nets in specic Petri net techniques.
On the one hand it is necessary to manipulate nets in order to transform
them in various ways. These transformations are called net model transfor-
mations, because of acting on the given Petri net based model. Rule-based
renement (see e.g. [6,14]) was chosen as an appropriate background. Rule-
based renement is based on the theory of high-level replacement systems
which are a generalization of graph grammars. It has been shown to be com-
patible with parameterized net classes in [12].
Preservation of system properties during net model transformation is an
important feature. The preservation is to be understood in the following way.
If a Petri net has a certain system property (safety-property, liveness, etc.)
then after transformation is performed, the transformed net has this property,
too. Preservation of system properties is of interest in many applications. It
allows the model developer to omit tedious verication of system properties for
large models, when they are preserved by net model transformations. There
have been developed net model transformations preserving safety-properties
and liveness as discussed in Section 3.
To establish the link between dierent Petri net classes, the so-called net
class transformations are of interest. They act on a given Petri net and change
the underlying net class. Usually, they add a new aspect, e.g. timing, data.
This approach is very important in software engineering. Software engi-
neering methodologies often employ the change of the underlying net class.
Thus, it is important that net class transformations are compatible with net
model transformation and other structuring techniques.
The idea of transformation of an underlying modeling base, in our case we
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consider Petri nets, is not a new one. But up to now this idea has been devel-
oped on an informal level only. The formalization is one of the prerequisites
for the use within the formal framework of Petri net technology.
The aim of the paper is twofold. On the one hand it presents a modeling
technique using Petri net transformations and presents an overview of all
available results. On the other hand it discusses newly achieved results and
establishes link between new and old results.
The paper is organized as follows. Section 2 describes the way how net
transformations are used in modeling of net based systems. In Section 3 net
model transformations are addressed and demonstrated on a simple example.
Section 4 deals with net class transformatins and their application in modeling
of simple system of printing tasks. The paper concludes with the summary of
new and old results in this area.
2 Modeling with Net Transformations
Petri net transformations (or succinctly net transformations) are used to per-
form modications of a net. They are formalized on a rigorous mathematical
foundation, see e.g. [12,19,18,22]. For a systematic study two levels of trans-
formations, called net model transformations and net class transformations
are distinguished. The purpose of the formal transformations is twofold:

On the one hand net class transformations extend the theory of a given net
class in the following sense: Petri net operations in the target net class are
made available also for the source net class by transforming the net class,
performing the operation, and subsequently interpreting back the result of
the operation in the source net class.

On the other hand both kinds of transformations together allow arbitrary
modications of a (start) net. Therefore, they are suitable to support step-
wise enhancement of nets in the context of system development. In this
sense, they yield a formal support of models based on nets.
Net transformations are essential for realizing stepwise system development
within the given process models. This represents a methodology in the way
Petri nets are to be used in the dierent steps during development of models
based on nets. They typically start with an abstract model of the system which
is rened in further development steps. Renement here means integration of
system aspects like time, reactiveness, roles, data, etc. as well as modication
of these aspects for incorporating exception handling, etc.
The main idea of the stepwise development of systems is to oer a number
of net transformation techniques to an application developer. These tech-
niques describe how to change a net model in order to obtain another more
elaborated, rened, and expressive net model.
The sequence of net transformations provides a transformation from the























denotes a single net class or net model transforma-
tion. The transformation process is either rule-based (net model transforma-
tion) or based on functors (net class transformation).
In order to make verication of transformed systems easier, the structure
and property preserving net transformations are provided as well as other net
techniques, especially rule-based renement, horizontal structuring techniques
(union and fusion), property preserving net model transformations, and formal
transformations of net classes.
3 Net Model Transformations
The framework of net model transformations is based on the theory of high-
level replacement systems. The general idea of high-level replacement (HLR)
systems is to generalize the concept of graph transformation systems and graph
grammars from graphs to all kinds of structures which are of interest [6]. This
generalization has been done within the formal framework of category theory
and can be applied to all kinds of high-level structures, especially also to
dierent kinds of Petri nets. Several results from graph grammars have been
reformulated in the framework of high-level replacement systems and can be
applied to other high-level structures without the necessity to be proven again.
The theory of HLR systems is based on the double pushout approach, which
has been widely investigated in the area of graph grammars (see [5]). The
HLR framework is suitable for many high-level structures. Its concept of
transformations has been applied to several classes of Petri nets (P/T Petri
nets, colored Petri nets, AHL nets), yielding the idea of net transformation
systems introduced in [14].
Although the net transformation framework is a suitable concept for step-
wise development of systems, very often there is a need to consider in addition
more general morphisms for renement or abstraction. The main idea is to
enlarge the category of nets by Q-morphisms in the sense of [12] in order to
formulate renement/abstraction morphisms.
The idea of Q-morphisms for net transformation systems has also been
introduced for HLR systems in general. It is a powerful formal technique for
the design of complex systems.
The concept of Q-morphisms is important in order to study whether the
transformation of nets is property preserving. During the transformation pro-
cess, a net may become too large to check some properties of this net eÆ-
ciently. If this property could be checked or stated for an initial net before the
transformation starts and then preserved during the transformation process,
a tedious investigation of properties for the nal net can be omitted.
The idea of property preserving net model transformations has been inves-
tigated in [8,15,16] for safety properties and in [9,21] for liveness rst. Safety-
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properties for Petri nets are stated as propositional logic formulas upon the
actual marking of Petri nets. Morphisms preserving safety properties have
been investigated for several types of Petri nets, see [8] for P/T Petri nets,
[15] for colored Petri nets, and [16] for a class of algebraic-high level nets. This
class of morphisms has been applied also in a case study of a medical infor-
mation system in [13] in order to prove relevant properties of the information
system.
Liveness preserving renement is based on the standard notion of liveness
as used in Petri net theory. Liveness means that no deadlock or even live-
lock can occur. In [9] it is shown that a special type of transition renement
preserves liveness in Petri nets. The idea is based on abstracting morphisms,
which are related to vicinity respecting morphisms (introduced in [4]). A cer-
tain subclass of abstracting morphisms, called a class of collapsing morphisms,
allows a description of a transition renement as collapsing of a subnet to one
transition. The preservation of liveness has been proven for collapsing mor-
phisms and demonstrated by an example in [9,17].
A variety of new property preserving net model transformations has been
developed recently. These completely new developments include rules and net
model transformations which preserve safety properties and liveness, as com-
bination of both properties is relevant in practice, see [20,17]. They have been
developed for the class of place/transition nets. The generalization of liveness
preserving transformations was made in [19] which oers richer possibilities
for modeling and analysis. They are based on the more general notion of col-
lapsing morphisms. The example of such transformations is given in Section
3.1.
Another important newly achieved result is the development of PB-induced
rules and PB-induced net model transformations. They are inferred from other
rules and net model transformations. They are called PB-induced as their
construction is based on pullbacks. The important fact is that a combination
of two property preserving rules and transformations yields other property
preserving ones. This approach was presented in [20] and shown to extend
the theory of net model transformations in such a way that it incorporates
similar approaches as e.g. those mentioned in [23,3]. Detailed discussion of
PB-induced rules and their impact on systems redesign is given in Section 3.2.
All mentioned property preserving net model transformations give an op-
portunity to cut the cost of verication of system properties for large systems.
Therefore they are of interest in practice as well.
3.1 Example: Verication of the Producers-Consumers System
We will illustrate our concept of safety property and liveness preserving net
model transformations by an example of a Producers-Consumers system. Many
variations of this type of system can be found in producing lines or manufacture-
processes. The system models production of items that are for some time
20
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inside the modeled systems and have to be observed. The items eventually
leave the system at the certain phase of the production.
The Producers-Consumers system is a typical example for a system which
is not bounded. The main analysis questions of the system concentrate on
liveness. Analysis of liveness may reveal the problems and possible deadlocks
in the behavior of the modeled system. Through such a knowledge the po-
tential damages on the real system can be prevented. Liveness of nets means
that no deadlock and even livelock of a net can occur, i.e. there always ex-
ists a ring sequence which enables any chosen transition from any reachable
marking.
However, the safety properties usually describe an important feature of cer-
tain subsystem. Very often the rst design of a system is an interconnection
of several components which build up the whole system. A safety property is
expressed by a logic formula stating facts about markings of a net. A formula
is given in terms of numbers of tokens on places. For a place/transition net
the static formula 2d^ 3a is true for a marking m where at least 2 tokens are
present on the place d and at least 3 tokens on the place a. The always opera-
tor  in a safety property (2d^3a) requires that the static formula (2d^3a)
is true for all reachable markings from m. The safety propeties for many of
the components may be stated in this phase of design. The advantage would
be if they could be preserved during the transformation. We will demonstrate
by this simple example the combined approach to transformations preserving
safety properties and liveness. We will base on generalized collapsing mor-
phisms as presented in [19] and adopt similar ideas to translation of safety
propeties as in [8].
A simple version of the Producers-Consumers system is presented in Fig-
ure 1. There are two producing lines involved in the process of producing two
parts needed for the nal products. After producing, these parts are assem-
bled together and yield dierent products according to wish of customers {
consumers. After leaving the assembling line these nal products are deliv-
ered to the customer and from the view of the system designer they leave the
system { are consumed.
Each of the components (producers and consumers) posesses a safety prop-
erty. Everyone can be in two distinct states. Producers can either produce {
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Figure 1. Producers-Consumers system
After the rst, abstract view of the system usually, model-designers focus
on details of the system and try to rene it. During this renement preferably
such techniques of a hierarchical decomposition are employed which guarantee
the preservation of the main features of the modeled system from the previous
stage. The renement process then continues until the necessary level of detail
is reached.
In this example we deal with safety property and liveness preservation.
We will adopt the general theory of transition renement by certain kind
of subnets called live boxes (see [19]). Safety properties will be translated
and liveness will be preserved automatically during the appropriate net model
transformation. Transition renement is one of the basic renement techniques
used by Petri nets designers.
Figure 2 shows a transformation rule rening the boldface transition on
the left-hand side of the rule and replacing it by a more complex expression
of the behavior of the system (right-hand side).
The idea of a net model transformation is that a left-hand side subnet (in
our case Delivering) is mapped to an existing Petri net. Then, the image of
this subnet is deleted except for the interface (the middle part of the rule,
called also gluing object) in the Petri net. The right-hand side (Packing &
Delivering) of the rule is then glued to the interface, which is kept unchanged
in the net.
In our example, the rening step corresponds to the renement of the
product-delivering phase into two phases. The rst one is packing phase,
during which a product is packed to be safe for transport. The other phase is
proper delivering of a product.
Packing involves two parallel subprocesses. The one is preparation of the
necessary cover for the product which runs in parallel with the preparation of
the product to be packed. At one particular moment exactly one product can
be in one packing line. Several packing lines for each product are available.


























Figure 2. A rule for transition renement
According to the actual number of packing lines for each product the number
n in the rule has to be instantiated by adequate number of tokens.
When we rene the boldface transitions in Figure 1, we obtain the sys-
tem in Figure 3. The number of available lines are 3, 1, and 2 in our case.
There were three transitions in the system replaced according to the rule for
transition renement. This approach is often used in hierarchical decomposi-
tion modeling. The result comprises the fact, that the delivering phase also
involves packing and preparation before the packed product is delivered to a
customer.
The transformation is described as fully local and the application therefore
does not depend on the other parts of the net.
Both nets in Figures 1 and 3 are live in the sense, that every transition can
become enabled from any reachable marking of the net. Liveness of the ab-
stract place/transition system Producers-Consumers system has to be proven
by standard techniques. Liveness of the rened system in Figure 3 can be
deduced easily by employing the results from [19].
The safety properties of the producers and consumers are translated. The
safety properties of producers are left unchanged as none of the transitions in
the postdomain of places involved in the safety property formula have been
rened.
In the case of consumers, the transition in the postdomain of the place R
i





is indicated by less tokens in the context place of the rened
cycle A
i
. Therefore every occurence of R
i
in the safety property formula is
replaced by the term R
i
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i
)), where n is a number of tokens initially
in the context place A
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The results concerning preservation of safety properties are discussed in
[19] in detail.
3.2 PB-Induced Rules and System Redesign
Disadvantage of the stepwise renement of systems is that it is not possible
to completely redesign a part of your system and preserve certain system
properties via transformations when for practical or other reasons such a big
change is necessary. A stepwise renement usually does not allow the change of
the design concept because the renement of the existing structure is allowed
only.
The property preserving system redesign is based on the following. Having


















constructed such that the whole diagram commutes.








then as a logical conclusion, the property  is




. The newly derived transformation
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is called PB-induced transformation
3

























The major advantage of this approach is that it is possible to build up new
property preserving rules and transformations according to old ones without
the explicit denition of a property preserving renement morphism. This
allows switching from one design concept to another without restarting design
of the system from the origin.
An example of an application is liveness preserving transformation of Petri
nets. In [21] the class of collapsing morphisms is introduced. These morphisms
give rise to the liveness preserving transformations of nets. Informally, these
transformations provide a special kind of transition renement. A transition
in an original net is replaced by a certain subnet, called live in-out cycle,
satisfying several conditions. In [20] it is proven that the transformed net is
life if and only if the original net was.
The concept of PB-induced transformations allows producing new rules
and transformations based on these for transition renement. The transfor-
mations based on collapsing morphisms rene a transition by a live in-out
cycle. The PB-induced transformation can replace one live in-out cycle by an-
other preserving liveness. This is a great advance for system designers. They
need not to rene the system stepwise only. They can choose certain part of
a system and redesign it when necessary. The behavioral properties (liveness
in this example) remain unchanged. This avoids the tedious total redesign of
the system, understanding the old parts of the code, unnecessary costs of new
development etc. The presented concept can be applied to HLR systems in
general, not only to Petri net based HLR systems as presented here (see [20]).
4 Net Class Transformations
Net class transformations are on the intuitive level presented in several papers.
For the purpose of the Petri net technology, the formal foundation is necessary.
Their formalization uses basic category theory. Petri net classes are to be
understood as categories of Petri nets. Net class transformations are functors
between these categories.
Functors are special mappings in category theory. They preserve the struc-
ture of a category in the sense that each morphism in the source category is
mapped to a morphism in the target category. Moreover, the mapping of iden-
tities and compositions has to be preserved. So, functors are homomorphisms
3
This is a dierent notion than pullback transformation of open graphs.
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between categories wrt. identity and composition operations. The exact de-
nition of a functor can be found in every book about category theory, e.g [2].
Categorical formalization of net class transformations has been investi-
gated in the paper [10] rst. The net class transformation were investigated
between several chosen net classes of low- and high-level Petri nets more or
less explicitly.
Recently, the theory of net class transformations has been enriched by
new net class transformations in [18]. Classes of open (elementary) algebraic
high-level nets (open nets in the sense of [1]) were introduced and net class
transformations between these classes formally developed.
When a new aspect to basic net classes is added, e.g. initial marking, the
amount of new net class transformations to be dened explodes. It is necessary
to develop net class transformations between basic and extended net classes,
and to develop net class transformations between extended net classes. In [22]
the generic approach using comma categories is presented. This approach is
new and brings several new important results to this research area. Most of
the extended net classes can be expressed as comma categories. Then, net
class transformations between basic and extended classes can be dened im-
plicitly. Moreover, net class transformations between basic net classes may be
lifted to the extended net classes without the need of explicit denition. In
[22] a generic approach is applied to classes of marked and open preserving
Petri nets. Next, this approach allows an integration of net classes and trans-
formations. I.e. the class of marked open preserving nets with appropriate
net class transformations can be dened as a combination of marked nets and
open preserving net classes, and their transformations.
The net class transformations are dened on the syntactical structure of
nets. The denition of compositional semantics for new net classes is necessary.
As another new result, paper [22] presents a semantics based on marking graph
construction for marked and open preserving P/T and AHL nets.
4.1 Example: Printing Tasks
Net class transformations can be used to begin the modeling in an abstract
class with simple nets and to switch to a more expressive class in later devel-
opment steps.
Moreover, it is important for the development process, that net class trans-
formations are compatible with net model transformations and with the hor-
izontal structuring techniques union and fusion.
In the following we present a development process to derive an algebraic
high-level net AHL
4
in Figure 9, via the place/transition net PT
3
in Figure 8
from the simple elementary net EN
1
in Figure 4 using net model and class
transformations.
We start modeling of our example with the elementary net EN
1
in Fig-












































Figure 6. Renement of the printer EN
2
renement as in Figure 5 to elaborate the modeling of the printer. This results
in the elementary net EN
2
in Figure 6.
Elementary nets are similar to place/transition nets but do not involve arc
weights in the description of the net.
To use the transmission-renement transref
PT
from Figure 7 as well, we

















































Figure 8. P/T net PT
3
the renement adds an arc with weight 2. The net class transformation

















we get the model PT
3
as in Figure 8.
In order to be able to distinguish between dierent tasks we rst trans-
form our model to the class of algebraic high level nets. We obtain alge-













), where the net class transformation Data : PT ! AHL adds a











Then we can further rene the net AHL
3











































































given in Figure 9 and adds the following algebraic specication with
some suitable algebra (algebra is not given here):
BOOL+
sorts : Printer; Task; Comm;Result
opns : printer : ! Printer







equ : Task Task ! Bool
ok : Task ! Result
nok : ! Result
get : Result! Task
vars : t : Task; r : Result
eqns : get(ok(t)) = t
equ(t; t) = true
equ(t; t
0
) = false 8t
0
6= t
In the net AHL
4
















































Figure 10. Development of the printing system
sent through the insecure channel by inscribing the transition CP with the
equation







For simplicity we assume that our non-secure channel either transmits













(nok-case). In the second case the transmission
is repeated with the old value t of the task.
The whole development process is depicted in Figure 10, where horizontal
steps are net model transformations and vertical steps are net class transfor-
mations.
5 Conclusion and Summary of New Results
We will present a short summary of newly (if not said otherwise) achieved
results in this section. Summarizing, new results for the net model transfor-
mations are:

Development of liveness preserving net model transformations for P/T sys-
tems based on (generalized) collapsing morphisms and l-transition gluing
morphisms. See [19].

Development of transformations preserving safety properties and liveness
based on (generalized) collapsing morphisms. See [19].

As the complex theory of high-level replacement systems and Q-theory have
been used, the abstract results are available for other net model transfor-
mations as well. Therefore we achieved compatibility of newly introduced
net model transformations with horizontal structuring. See [17,19].

Development of PB-induced rules which preserve system properties, see
[20,19].
For net class transformations the following new results have been achieved:

Functorial representation of net class transformations between categories of
marked, open preserving, and marked open preserving place/transition, and




The generic concept of net class transformations based on comma categories
in [22].

Compatibility of net class transformations based on comma categories with
net model transformations and horizontal structuring. See [22]. These
results are instantiations of results presented in [11].

Integration of net class transformations. See [22].

Denition of compositional marking graph semantics for marked and open
preserving net classes. See [22].
Generally, these new results present an important contribution to the gen-
eral theory of net transformations. We presented examples of applications of
net transformations and showed the usage of new results in a development
process of simple net based models.
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